A broad-spectrum vaginal microbicide must be effective against a variety of sexually transmitted disease pathogens and be minimally toxic to the cell types found within the vaginal epithelium, including vaginal keratinocytes. We assessed the sensitivity of primary human vaginal keratinocytes to potential topical vaginal microbicides nonoxynol-9 (N-9), C31G, and sodium dodecyl sulfate (SDS). Direct immunofluorescence and fluorescence-activated cell sorting analyses demonstrated that primary vaginal keratinocytes expressed epithelial cell-specific keratin proteins. Experiments that compared vaginal keratinocyte sensitivity to each agent during a continuous, 48-h exposure demonstrated that primary vaginal keratinocytes were almost five times more sensitive to N-9 than to either C31G or SDS. To evaluate the effect of multiple microbicide exposures on cell viability, primary vaginal keratinocytes were exposed to N-9, C31G, or SDS three times during a 78-h period. In these experiments, cells were considerably more sensitive to C31G than to N-9 or SDS at lower concentrations within the range tested. When agent concentrations were chosen to result in an endpoint of 25% viability after three daily exposures, each exposure decreased cell viability at the same constant rate. When time-dependent sensitivity during a continuous 48-h exposure was examined, exposure to C31G for 18 h resulted in losses in cell viability not caused by either N-9 or SDS until at least 24 to 48 h. Cumulatively, these results reveal important variations in time-and concentration-dependent sensitivity to N-9, C31G, or SDS within populations of primary human vaginal keratinocytes cultured in vitro. These investigations represent initial steps toward both in vitro modeling of the vaginal microenvironment and studies of factors that impact the in vivo efficacy of vaginal topical microbicides.
The global spread of the human immunodeficiency virus type 1 (HIV-1) has recently been driven by a dramatic increase in heterosexual transmission, which is the predominant route of transmission in developing countries (8) . This disturbing trend in the AIDS epidemic has highlighted the necessity for additional measures to control the transmission of HIV-1, including the development and distribution of broad-spectrum, topical vaginal microbicides for use during heterosexual intercourse (7) . An ideal microbicide would be female-controlled, broadly effective against HIV-1 as well as other sexually transmitted disease (STD) pathogens such as human papillomavirus (HPV) and herpes simplex virus types 1 and 2 (HSV-1 and HSV-2, respectively), inexpensive, easy to use and store, and safe during repeated and long-term use.
Products containing nonoxynol-9 (N-9), a widely available, commercially marketed spermicidal agent, have been tested for microbicidal use. N-9 has in vitro activity against several STD pathogens, including HIV-1 (3, 9) , but cannot be classified as broadly effective, since it has no activity against nonenveloped viruses such as HPV (4) . In vivo effectiveness of N-9 as a microbicide is unclear. Clinical studies have provided conflicting indications of N-9 effectiveness against transmission of HIV-1 and other STD pathogens (2, 10, 11, 15, 20, 27) . Results from human and animal studies also indicate a narrow margin between N-9 effectiveness and safety (22) , as well as associations between N-9 use and vaginal irritation, inflammation, tissue infiltration by host immune cells, and changes in vaginal flora (10, 16, 21, 22, 24) . These adverse effects may increase the risk for HIV-1 transmission during sexual intercourse.
Because of the limitations of N-9 as a microbicidal agent, efforts have been directed toward the development of secondgeneration microbicidal agents with broader activity and lower toxicity. Our efforts have focused on characterizing the in vitro virucidal potential of and inherent cellular sensitivity to C31G and sodium dodecyl sulfate (SDS), novel microbicidal agents that demonstrate activity against a broad spectrum of STD pathogens, including HIV-1. C31G (in our present studies) is an equimolar mixture of two amphoteric, surface-active molecules: a C 14 alkyl amine oxide and a C 16 alkyl betaine. C31G is a broad-spectrum antimicrobial and spermicidal agent (1, 5, 9, 25) . However, like N-9, C31G has no activity against HPV (5), a sexually transmitted virus that has a direct causative role in the development of human cervical cancer. SDS, an alkyl sulfate commonly used in research applications and in commercially available personal hygiene products, is significantly less cytotoxic than either N-9 or C31G and is effective against HIV-1, HSV-2, and, importantly, papillomaviruses from several species, including humans (5, 9 (5, 9, 12) .
The present studies were performed to compare the sensitivity of primary human vaginal keratinocytes to N-9, C31G, or SDS exposure. Primary vaginal epithelial cells provide a realistic target for studies of microbicidal cytotoxicity, since, as progenitors of the stratified epithelium that lines the vagina, these cells form part of the physical barrier which impedes the infection of HIV-1-susceptible target cells such as dendritic cells (23) , tissue macrophages, and CD4-positive lymphocytes (28) . Compromise of this barrier by trauma or cellular damage that may accompany microbicide use could therefore increase the risk of HIV-1 infection. The results reported herein demonstrate that primary vaginal keratinocytes were less sensitive to SDS exposure than to either N-9 or C31G exposure. Timeand concentration-dependent differences in the cytotoxicity of N-9, C31G, and SDS were also observed.
MATERIALS AND METHODS
Tissue isolation and cell culture. Primary human vaginal keratinocytes were isolated from the vaginal wall of tissues removed during reconstructive surgeries. The average donor age was 63 years (range, 25 to 79 years). Tissue samples were stored (for up to 2 h) at 4°C in minimal essential medium supplemented with penicillin and streptomycin (0.08 mg/ml each), gentamycin (0.4 mg/ml), fungizone (2.5 g/ml), sodium bicarbonate (0.05%), and HEPES (10 mM) prior to use. Vaginal tissues were cut full-thickness and washed two times in phosphatebuffered saline (PBS). Tissues were digested overnight at 4°C and then at 37°C for 15 to 20 min in 0.25% trypsin-0.01% EDTA in Hanks' balanced salt solution (Clonetics). Following digestion, tissues were transferred to tissue culture dishes containing 2 ml of fetal bovine serum (HyClone) and 2 ml of defined keratinocyte growth medium (KGM; Clonetics). Keratinocytes were then scraped away from the dermis with blunt-tipped forceps, washed, pelleted, and plated in KGM (without serum) at a density of 2,500 cells/cm 2 in T-25 tissue culture flasks (for fluorescence-activated cell sorting [FACS] analysis), 35-mm culture dishes (for immunofluorescence), or 12-well tissue culture plates [for 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) analyses]. The medium was changed 24 h after seeding and twice weekly thereafter. Primary, subconfluent keratinocyte cultures were maintained for 10 to 14 days prior to experimental use. To decrease the contributions of variations between donors, each set of experiments was performed using cell populations from 2 to 5 donors.
Flow cytometric analyses. Primary vaginal keratinocyte cell populations were analyzed using fluorescence-activated cell sorting (FACS). A monoclonal, fluorescein isothiocyanate-conjugated, anti-human pan cytokeratin antibody (mouse immunoglobulin G1 [IgG1] isotype; Sigma) was used to identify cells expressing a broad spectrum of human cytokeratins. This antibody reacts with simple, cornifying and noncornifying squamous epithelia and pseudostratified epithelia but not with nonepithelial human tissues. CD4 expression was assessed using an fluorescein isothiocyanate-conjugated, anti-human CD4 monoclonal antibody (mouse IgG1 isotype; BD PharMingen). Fibronectin expression was quantitated using a monoclonal, mouse anti-human fibronectin antibody (IgG1 isotype; Sigma) and an FITC-conjugated anti-mouse secondary antibody (isotype IgG1; Boehringer Mannheim). Trypsinized cells were fixed in 2% paraformaldehyde for 30 min at 4°C and washed twice with PBS. Following a 1-h incubation period at 4°C with each antibody (diluted 1:7.5), the cells were washed twice with PBS prior to suspension in 2% paraformaldehyde and FACS analysis. For fibronectin detection, the secondary antibody was introduced in a second 1-h incubation period prior to final fixation.
Cell-surface marker identification by immunofluorescence. Primary vaginal keratinocytes were characterized with respect to keratin and CD4 expression by direct fluorescence using the keratin-and CD4-specific antibodies described above. Cells cultured in 35-mm tissue culture dishes were fixed and stained as described above.
Determination of cellular sensitivity to microbicide exposure. The effect of each agent on keratinocyte viability was determined by monitoring MTT cleavage by mitochondrial dehydrogenases in viable cells, yielding a measurable, purple product (formazan) (17) . Formazan production is proportional to the viable cell number and inversely proportional to the degree of cytotoxicity. N-9 (FW 616), C31G (C 14 amine oxide [FW 257 ] and C 16 betaine [FW 327]), and SDS (FW 288) were obtained from Biosyn, Inc., as 1% stock solutions. To eliminate the potential effects of cell confluence and keratinization on cellular sensitivity, each experiment was initiated and concluded before keratinocytes reached confluence. For each experiment, agents were filter sterilized, diluted in sterile water, and added (10 l per 2 ml of medium) to triplicate wells of subconfluent keratinocytes in KGM at the indicated concentrations. Cells were incubated in the absence or presence of each agent at 37°C in 5% CO 2 and 90% humidity. At the conclusion of each experiment, 250 l of MTT (5 mg/ml) was added to each well and incubated for 3 h at 37°C. Following removal of the medium, intracellular formazan crystals were solubilized for 5 min in 1 ml of 10% Triton X-100 in acidified isopropanol (0.1 N). The resulting solutions were assayed spectrophotometrically at 570 nm and corrected for nonspecific absorption at 690 nm. Statistical analyses were performed using Microsoft Excel.
RESULTS

Primary vaginal keratinocytes express keratin.
To verify the identity of cell populations derived from the vaginal tissues, cells used for the assessment of cellular sensitivity to candidate microbicides were characterized for the expression of cellular markers using FACS analysis. A broad-spectrum anti-cytokeratin antibody was selected to verify the presence of keratinocytes. Keratins comprise a heterogeneous family of proteins whose expression is limited almost exclusively to epithelial cells. Since keratinocytes do not express CD4, an antibody specific for CD4 was used both as a negative control and to detect contaminating immune cell types (i.e., T lymphocytes and cells of monocyte or macrophage lineage). An antibody directed against fibronectin was used as a nonreactive, isotypematched negative control.
FACS analyses of primary vaginal keratinocytes demonstrated that these cells express members of the keratin protein family (Fig. 1 ). Approximately 85% of the total cell population expressed keratins above background levels. Keratin expression in primary vaginal keratinocytes was heterogeneous, with levels of expression spanning over two logs of intensity. Similar patterns of keratin expression were observed using the AE3 antibody (ICN Biomedicals, Inc.), which is specific to basic forms of keratin (data not shown). CD4 or fibronectin expression was not detected.
Primary human vaginal keratinocytes were also characterized using visible light microscopy ( Fig. 2A ) and direct immunofluorescence ( 
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SENSITIVITY OF VAGINAL CELLS TO N-9, C31G, OR SDSogeneous levels of fluorescence observed in the vaginal keratinocytes paralleled the spectrum of keratin expression observed in the FACS analyses. No autofluorescence was observed (Fig. 2B) . No CD4 expression was detectable on the majority of the cells examined. However, a small number of cells did appear to be weakly positive for CD4 (Fig. 2C ). These cells were distinct in size and shape from the vast majority of cells observed under both visible light ( Fig. 2A) and by direct immunofluorescence (Fig. 2D ), suggesting that they may have been cells of a different type. Unlike the field illustrated in Fig.  2C , most of the observable fields were devoid of cells positive for CD4 expression, indicating that the number of CD4-positive cells was low (as also suggested by the FACS analyses). Because of their low number, these cells were not characterized further with respect to these studies. Primary cultures of human vaginal keratinocytes are much less sensitive to SDS or C31G than to N-9. To determine the sensitivity of vaginal keratinocytes to N-9, C31G, or SDS, primary cultures of human vaginal keratinocytes were incubated with each agent and cell viability was evaluated after 48 h of continuous exposure (Fig. 3) . Over the concentration range examined (2.5 ϫ 10 Ϫ4 % to 5 ϫ 10 Ϫ3 %), C31G and SDS were equally cytotoxic (Fig. 3A) . Exposure to either C31G or SDS at 2.5 ϫ 10 Ϫ4 % resulted in no decreases in cell viability. However, at 1.25 ϫ 10 Ϫ3 %, the presence of either C31G or SDS reduced the number of viable cells to approximately 7 or 3% of the number of control cells, respectively. At the highest concentrations of C31G or SDS (2.5 ϫ 10 Ϫ3 % or 5 ϫ 10 Ϫ3 %), viable cells were not detected after 48 h of exposure.
Primary human vaginal keratinocytes were particularly sensitive to the presence of N-9. At a concentration of 2.5 ϫ 10 Ϫ4 %, N-9 reduced cell viability to 11% (Fig. 3A) . In sharp contrast, exposure to either C31G or SDS at the same concentration resulted in negligible cytotoxicity. To further explore the cytotoxicity of N-9, additional MTT experiments using lower concentrations of N-9 were performed (Fig. 3B) . In these analyses, a 50% reduction in concentration, from 2.5 ϫ 10 Ϫ4 % to 1.25 ϫ 10 Ϫ4 %, resulted in an eightfold increase in cell viability (to 64%). Even at the lowest concentration tested (2.5 ϫ 10 Ϫ5 %), cell viability was only 85%. Comparing concentrations which would be expected to result in a 50% reduction in cell viability (50% cytotoxicity concentration [TC 50 ]), vaginal keratinocytes were almost five times more sensitive to N-9 (TC 50 ϭ 1.6 ϫ 10 Ϫ4 %) than to either C31G (TC 50 ϭ 7.4 ϫ 10 single or infrequent use. Indeed, increased epithelial disruption was evident in women who used N-9 daily for 2 weeks (19) . In addition, a recent animal study demonstrated that repeated application of N-9 was detrimental to vaginal epithelial tissues (16) . To evaluate the in vitro cytotoxicity of N-9, C31G, or SDS after repeated exposure, primary vaginal keratinocytes were exposed to three daily applications of each agent (Fig. 4) . Each application cycle consisted of a 2-h exposure followed by a wash with PBS and a 24-h incubation in new media. Following the third cycle, cell viability was assessed by MTT assay. Results of these experiments indicated that between 2.5 ϫ 10 Ϫ4 and 1.25 ϫ 10 Ϫ3 %, repeated exposure to either N-9 or SDS resulted in minimal reductions in cell viability. However, above 1.25 ϫ 10 Ϫ3 %, viability in the presence of N-9 decreased sharply to undetectable levels. A similar decrease in viability was observed in the presence of SDS, but the sharp decline occurred at twice the concentration. Cells were less sensitive to N-9 and SDS than to C31G under these in vitro conditions. Although cell mortality following repeated exposure to the lowest concentration of C31G was minimal, viability decreased dramatically at higher concentrations and was undetectable at and above 1.25 ϫ 10 Ϫ3 %. Repetitive in vitro exposure to N-9, C31G, or SDS results in steadily increasing cytotoxicity. Although the preceding experiment demonstrated concentration-dependent cytotoxicity as a consequence of repeated microbicide exposure, it did not address the contribution of each application to the cumulative loss of cell viability. To examine the contribution of each exposure cycle to the total cytotoxicity, primary vaginal keratinocytes were subjected to the same multiple application protocol as in the preceding experiment and assessed for viability following the 24-h recovery period in each application cycle. The results illustrated in Fig. 4 were used to select concentrations at which multiple exposures to each microbicide resulted in 25% cell viability (TC 75 ). These concentrations were selected to provide a low yet measurable level of cell viability at the endpoints of each experiment as well as detectable losses in cell viability at early time points. The calculated TC 75 of N-9 and SDS after the three 2-h microbicide exposures were approximately 3.7-and 7.3-fold higher than the TC 75 of C31G, reflecting the higher cytotoxicity of C31G under these conditions. Results indicated that each exposure cycle during the 3-day exposure protocol contributed equally toward the total amount of cytotoxicity (Fig. 5 ). Daily incubation with N-9, C31G, or SDS resulted in a linear decrease in cell viability.
Decreased cell viability during continuous exposure to C31G occurs earlier than similar decreases after N-9 or SDS exposure. Cytotoxicity during continuous exposure must also be considered in the evaluation of chemical agents as potential microbicides, since significant levels of microbicides are likely retained in the vagina hours after the initial application (14) . To determine the time course of microbicide cytotoxicity during continuous exposure, primary vaginal keratinocytes were exposed to a single concentration of N-9, C31G, or SDS and assessed for cell viability 2, 8, 16, 24, and 48 h after the application of each microbicide. The results depicted in Fig. 3A and B were used to select concentrations at which exposure to each microbicide reduced cell viability to 25% (TC 75 ). The TC 75 of C31G and SDS were approximately fivefold higher than the TC 75 of N-9, reflecting the cytotoxicity of N-9 at low concentrations. Despite the fivefold difference in concentration, N-9 or SDS exposure resulted in similar levels of time-dependent cytotoxicity (Fig. 6) . During the first 24 h of exposure to either N-9 or SDS, cell viability was generally constant and did not decrease below 76%. Between 24 and 48 h, cell viability decreased at a much higher rate. By 48 h, the presence of N-9 or SDS reduced cell viability to 5 and 11%, respectively. In contrast, cell viability in the presence of C31G decreased linearly after a 2-h exposure and was reduced to 4% by 16 h. These In a similar experiment, primary vaginal keratinocytes were exposed continuously to identical concentrations of N-9, C31G, or SDS (1.25 ϫ 10 Ϫ3 %) for up to 48 h (Fig. 7) . Earlier experiments (Fig. 3A) demonstrated that a 48-h exposure to each microbicide at this concentration resulted in less than 10% cell survival. After 16 h of continuous N-9 exposure at this concentration, cell survival remained generally constant between 83 and 69%. However, by 24 h, cell viability in the presence of N-9 fell dramatically to 8%. In contrast, there was no abrupt drop in cell survival during exposure to SDS. The decrease in cell viability associated with SDS exposure was approximately linear over 48 h, decreasing from 96% viability at 2 h to 7% viability at 48 h. At 2 and 8 h, cell survival during exposure to C31G was at 42 and 52%, respectively. Like the results illustrated in Fig. 6 , cell survival 16 h after the introduction of C31G decreased abruptly (to approximately 10%).
DISCUSSION
The studies presented above represent one of the most extensive uses of primary cell populations of human vaginal keratinocytes in assessments of in vitro microbicide cytotoxicity. The effect of microbicides on primary vaginal keratinocyte viability is highly relevant to clinical microbicide tolerance, since vaginal epithelial cells form part of the physical barrier that may impede the passage of cell-free or cell-associated HIV-1 into subepithelial tissues (23) . Microbicidal agents that compromise this barrier may increase the risk of HIV-1 transmission.
One of the principal observations of these studies was that N-9 was 10-fold more toxic than C31G or SDS in long-term experiments using primary vaginal keratinocytes. This observation may be particularly relevant to considerations of longterm toxicity during N-9 use. A clinical study of N-9 retention following vaginal insertion of a contraceptive film containing N-9 demonstrated that levels of N-9 recovered by vaginal lavage remained constant for up to 2 h after product insertion and decreased to under 50% after 4 h (14). A similar report described levels of retention between 19 and 7% after 2 h, detectable levels of N-9 as long as 24 h after insertion, and levels of retention dependent on the contraceptive formulation (26) . The toxicity of N-9 at low concentrations illustrated in our long-term (48 h) in vitro experiments (Fig. 3B ) and the extended retention of N-9 observed in clinical studies suggest that use of products containing N-9 may result in greater levels of toxicity for longer durations following product insertion compared to products containing either C31G or SDS.
Experiments which examined the time-dependent accumulation of cytotoxicity emphasized differences between microbicides that may be related to each agent's mechanism of activity. In both experiments (Fig. 6 and 7) , the time-dependent reductions in cell viability were highly divergent, despite nearly identical levels of cytotoxicity at the 48-h endpoint. These results suggest differences in the mechanisms by which N-9, C31G, and SDS kill cells. The delayed reductions in cell survival during N-9 or SDS exposure (Fig. 6 ) are also interesting and suggest more complex mechanisms of cell death. Perhaps while a small number of cells are killed quickly, most survive the first 24 h, accumulating damage in their cell membranes. Once cell integrity is compromised beyond a certain threshold, cells may die at a considerably faster rate. Although C31G appears to act similarly, its higher cytotoxicity under these conditions may result from reaching its threshold sooner after exposure. A similar effect may account for the higher sensitivity of primary vaginal keratinocytes to C31G during repeated exposure (Fig.  4) . These findings, which will be addressed in future investigations, stress the need for examining not only experimental endpoints but also intermediate exposure times when evaluating microbicide formulations for cytotoxicity.
Examination of time-dependent cytotoxicity also highlighted the relationship between microbicide concentration and duration of exposure. Previous in vitro studies indicated that Escherichia coli (13) and sperm cells (25) were killed by C31G in less than 10 s. These experiments were performed using C31G concentrations of 2 ϫ 10 Ϫ2 and 5 ϫ 10 Ϫ2 %, respectively. In studies with SupT1 T lymphocytes, complete cell killing was achieved after 10 min at C31G concentrations above 1.25 ϫ 10 Ϫ2 % (9). In contrast, the results illustrated in Fig. 7 , which demonstrated that a 16-h exposure was required to reduce cell FIG. 6 . Microbicide toxicity increases with continued exposure to equivalent concentrations of N-9, C31G, or SDS. TC 75 were determined from data illustrated in Fig. 3A and B. Primary human vaginal keratinocytes were exposed to N-9, C31G, or SDS for 2, 8, 16, 24, or viability to 10%, were obtained using a C31G concentration that was 16-to 40-fold lower than those used to kill bacteria (13) or sperm (25) and at least 10-fold lower than the concentration that was completely toxic to SupT1 cells (9) . These results demonstrate that in vitro cytotoxicity is a function not only of concentration but also of exposure duration.
At low microbicide concentrations, differences in cytotoxicity are revealed that are otherwise masked at higher concentrations. For example, during extended exposure (48 h), C31G and SDS were as cytotoxic as N-9 at 5 ϫ 10 Ϫ3 % but dramatically less cytotoxic than N-9 at a 20-fold-lower concentration (2.5 ϫ 10 Ϫ4 %) (Fig. 3A) . Although microbicide formulations intended for in vivo use contain active ingredients exceeding 1%, local concentrations at the vaginal epithelial cell membrane may be far less than in the original product due to dilution in cervical and vaginal secretions and semen, uneven product distribution across the vaginal epithelium, product redistribution by movement during intercourse and normal activities, diffusion across a keratin and cell gradient, and postapplication product loss. At these locally low concentrations, differences in cellular sensitivity to the active ingredient may become important. Because of its persistent cytotoxicity at low concentration, the adverse effects of N-9 on the vaginal epithelium may persist long after the effects of other products with less cytotoxic ingredients, such as C31G or SDS. To determine the relevance of low concentration differences in cytotoxicity to in vivo microbicide use, studies of product distribution and retention will be necessary to complement in vitro examinations of microbicide cytotoxicity and activity.
Studies of sensitivity to microbicide exposure performed with primary vaginal keratinocytes presage ongoing efforts to examine the effect of elements within the vaginal milieu on microbicide efficacy. In vitro assays described in this manuscript can provide assessments of potential activity and cytotoxicity relative to other agents, but they are not suited to accurately reflect the in vivo value of a microbicide, measured in terms of both microbicidal activity and its effect on cell viability. More complete models would take into account additional factors relevant to the vaginal microenvironment, including the presence of vaginal and cervical secretions, changes in pH, osmolarity, and protein content, the influx of semen during intercourse, the architecture of the vaginal epithelium, and time-dependent reductions in product retention (14) . These factors may independently affect the in vivo activity and cytotoxicity of a given agent and change the concentrations at which these properties are manifested. We presume that these in vivo factors will decrease cytotoxicity associated with microbicide application and increase the effective antimicrobial activity of the microbicidal agent. Although animal models (16) and clinical trials may offer more complete experimental conditions, in vitro experiments have the advantage of convenience, flexibility, speed, and low cost. Ongoing investigations of vaginal microenvironmental factors are now focused on the influence of protein on microbicide activity. Proteins and mucins within the vaginal and cervical mucus may serve to sequester surfactant microbicides, lessening their effective concentrations and their interactions with STD pathogens and the surrounding tissues. This may be especially true of protein sequestration of SDS, which binds with high affinity to proteins.
These investigations have served to advance our understanding of microbicidal toxicity. First, surface-active agents like N-9, C31G, and SDS may function as microbicides using distinctly different mechanisms, as suggested by the divergence in cellular sensitivity during long-and short-term exposure. Additionally, SDS, which is well-known for its ability to denature proteins, may function as a protein denaturant at low concentrations and as a surfactant at higher concentrations. Understanding the different mechanisms by which these agents act may facilitate the design of more effective microbicides with broader activity and lower cytotoxicity. Future experimentation will explore these and other aspects of microbicide cytotoxicity. Second, these studies have provided the foundation upon which in vitro models of the vaginal microenvironment can be constructed to explore the impact of factors such as pH and the epithelial architecture on microbicide efficacy. Efforts are being directed toward constructing in vitro vaginal microenvironment models that would more closely emulate the conditions within the vagina and allow questions of in vivo efficacy to be better addressed.
In vitro experiments regarding antiviral potential as well as cytotoxicity have implied that C31G and SDS may be attractive alternatives to N-9 as topical vaginal microbicides (9) . The present studies, which demonstrate high N-9 cytotoxicity, reinforce the concept that C31G and SDS may be desirable alternatives to N-9. These in vitro experiments will be complemented by ongoing investigations exploring the efficacy of potential vaginal microbicides, including C31G and SDS, using a human vaginal epithelial xenograft system in immunocompromised mice (6) . Both approaches will advance the characterization and formulation of these potential vaginal microbicides and provide the foundation for additional human trials.
